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PNEUMATIC CUSHION HAVING 
INDIVIDUALLY DEFORMABLE CELLS 

The present invention relates to a pneumatic cushion 
having individually deformable cells for use in particular in 
the medical ?eld to prevent bed sores. 

BACKGROUND OF HE INVENTION 

This type of cushion usually comprises a base sheet from 
Which there project a plurality of adjacent in?atable cells 
that are individually adjustable in height. 
When in good condition and appropriately in?ated, such 

a cushion gives satisfaction. Nevertheless, for a patient Who 
does not feel pain, it is not possible to determine Whether the 
cushion is appropriately in?ated. In particular, if there is a 
loss of pressure because a valve has been torn off, because 
of a puncture, etc., then the effectiveness of the cushion 
diminishes Without the patient being aWare of it. 

Furthermore, it is dif?cult to adjust the in?ation pressure 
of the cushion since the pressure depends on each patient 
and on the patient’position When installed on the cushion. 
The greater the Weight eXerted by the patient on the cushion, 
the greater the eXtent to Which the cushion should be 
in?ated. 

OBJECT AND SUMMARY OF THE INVENTION 

The object of the invention is to design a cushion of the 
above-speci?ed type, that makes it possible detect any 
under- or over-in?ation of the cushion and that facilitates 
adjusting the in?ation pressure. 

According to the invention, at least some of the cells are 
?tted internally With respective individual sensors of their 
deformation that deliver electric signals representative of the 
degree of cell deformation. Each sensor thus detects eXcess 
deformation, if any, of the cell With Which it is associated. 
By monitoring cushion deformation instead of pressure, it is 
possible to monitor in?ation pressure indirectly regardless of 
the user and the user’s con?guration on the cushion. 

According to an advantageous characteristic of the 
invention, the sensor comprises an elastically compressible 
element disposed inside the cell to cause an electric sWitch 
to engage at a certain degree of deformation of the cell. The 
sensor is thus ?exible and eXerts no additional pressure on 
the user. 

In a particular embodiment, the elastically compressible 
element is made of foam material. 

The elastically compressible element is shorter in height 
than the cell. 

The sWitch is disposed betWeen the elastically compress 
ible element and the base sheet. 

In another embodiment of the sensor for sensing height 
deformation of the cells, the sensor comprises at least one 
photoelectric sensor operating in re?ection to measure the 
deformation of the cell. The photoelectric sensor is ?Xed on 
the base sheet to emit a vertical incident light ray and to 
receive a vertical re?ected light ray derived from the inci 
dent ray re?ecting on the inside face of the top of the cell. 
The photoelectric cell(s) indicate(s) When tWo thresholds of 
deformation of the cell are crossed, a maXimum threshold 
and a minimum threshold. 

The sensors of the cells may advantageously be connected 
to an electronic processor unit Which controls a compressed 
air feed unit connected to the cells to increase or decrease the 
pressure inside the cells When the sensors indicate that a 
maXimum or a minimum threshold of deformation of the 
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2 
cells has been crossed. This automatically servo-controls 
in?ation pressure to an optimum value that varies as a 
function of the user and of the user’s position on the cushion, 
and that is determined by the sensors as a function of the 
deformation of the loaded cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other characteristics and advantages of the invention 
appear on reading the folloWing description of particular 
embodiments given by Way of non-limiting eXample. 

Reference is made to the accompanying draWings, in 
Which: 

FIG. 1 is a cutaWay perspective vieW of a pneumatic 
cushion of the invention; 

FIG. 2 is a detail section vieW of a cell of the FIG. 1 

cushion; 
FIG. 3 is an enlarged vieW of Zone III in FIG. 2; 

FIG. 4 is a vieW analogous to FIG. 3, the cell being 
loaded, i.e. being subjected to the Weight of a user; 

FIG. 5 is an enlarged vieW of Zone V of FIG. 4; 

FIGS. 6 and 7 are vieWs analogous to FIGS. 3 and 5 
respectively, shoWing another embodiment of the electrical 
contacts of the sensor; and 

FIGS. 8 and 9 are vieWs analogous to FIGS. 2 and 4 
respectively, shoWing another embodiment of the sensor for 
sensing height deformation of the cells. 

MORE DETAILED DESCRIPTION 

With reference to FIG. 1, the pneumatic cushion of the 
invention is given overall reference 1. It comprises a base 
sheet 2 from Which there project a plurality of mutually 
adjacent in?atable cells 3 that are individually deformable in 
height. The cells 3 de?ne internal volumes that are designed 
to be put under pressure and that communicate With one 
another via link ducts (not shoWn in the ?gures) formed in 
the base sheet 2. The set of cells 3 is in?ated via a single 
valve 4 ?tted to one of the cells 3. The cells 3 can be grouped 
together in subsets that are in?atable independently: under 
such circumstances, a plurality of valves 4 are used. 
The assembly constituted by the base sheet 2 and the cells 

3 is contained in a cover 5 of ?exible teXtile material. 

With reference to FIGS. 2 to 5, the base sheet 2 and the 
cells 3 are made by superposing tWo layers 6 and 7 of 
?eXible, airtight plastics material that are stuck together. The 
bottom layer 6 is plane and continuous While the top layer 
7 forms a plurality of projections 8 constituting the outside 
skins of the cells 3. Each projection 8 is circularly sym 
metrical about an aXis 9 that is substantially perpendicular to 
the plane of the base sheet, i.e. to the bottom layer 6, and it 
is substantially elongate on its aXis. 

Each projection 8 of the top layer 7 co-operates With the 
bottom layer 6 to de?ne a pressuriZed inside volume Which 
communicates via internal ducts (not shoWn) of the base 
sheet 2 With the inside volumes of the adjacent cells. As can 
be seen only in FIG. 1, one of the cells 3 is ?tted With a valve 
4 through Which air under pressure is fed to all of the cells 
3. 

The cells 3, or at least some of them, are internally ?tted 
With respective individual sensors 10 for sensing cell defor 
mation along the aXis 9, i.e. in the height direction, given 
that the cushion 1 Will usually be placed on a horiZontal 
surface. A sensor 10 comprises an elastically compressible 
cylindrical element 11 placed on the aXis 9 and having a 
bottom end 11.1 stuck to an intermediate plate 12 Which is 



6,154,907 
3 

itself stuck to the bottom layer 6 of the base sheet 2. By Way 
of example, the cylinder 11 can be made of foam material. 

The intermediate plate 12 has three superposed layers, 
comprising a bottom layer 13 stuck to the bottom layer 6 of 
the base sheet 2, a top layer 14 having the bottom end 11.1 
of the elastically compressible cylinder 11 stuck to its top 
face, and an intermediate layer 15 disposed betWeen the 
layers 13 and 14. In register With the elastically compress 
ible cylinder 11, the intermediate layer 15 has a holloW 16. 
In this holloW 16, the layers 13 and 14 have facing faces 
Which are ?tted With facing electrical contacts 17 and 18. 

The bottom layer 13 of the intermediate plate 12 may 
advantageously carry an integrated circuit to Which the 
contacts 17 and 18 are connected. 

As can be seen in FIG. 2, the elastically compressible 
cylinder 11 has a free-standing height, ie when unloaded, 
that is shorter than the height of the projection 8. In other 
Words, the cylinder 11 has a top end 11.2 Which, in the 
absence of any load on the cell 3, is set back from the inside 
face 8.1 of the top of the projection 8. 

In use, and When unloaded, as shoWn in FIGS. 2 and 3, no 
force is exerted on the elastically compressible cylinder 11. 
The electric contacts 17 and 18 are kept apart from each 
other by the elasticity of the top layer 14 of the intermediate 
plate 12. 

Under load, as shoWn in FIGS. 4 and 5, the projection 8 
de?ning each cell 3 deforms along its axis 9. If the pressure 
inside the cell 3 is insuf?cient and as a consequence the cell 
yields too far, the elastically compressible cylinder 11 exerts 
sufficient force on the sWitch 12 to deform the top layer 14 
and press the contact 18 against the contact 17. This force 
exerted by the cylinder 11 on the layer 14, and by reaction 
on the top of the projection 8, is very small and in particular 
has a negligible effect on the user installed on the cushion. 

When the contacts 17 and 18 come into contact, an 
electric signal is issued Which can either cause an alarm to 
be triggered, or can be delivered to an electronic processor 
unit as in the embodiment shoWn in FIG. 1. 

If the pressure inside the cell 3 is normal and the cell is 
yielding by an optimum amount, then the elastically com 
pressible cylinder 11 is not compressed suf?ciently to cause 
the electric contacts 17 and 18 to be put into contact, so no 
signal is issued. 

In the embodiment shoWn in FIG. 1, the electric signals 
controlled by the sWitches 12 of the various cells 3 are 
conveyed via an electric cable 30 to an electronic processor 
unit 31 Which, as a function of these signals, controls a 
compressed air feed unit 32 to Which it is connected by an 
electric cable 33. The feed unit 32 is connected via a hose 36 
to the valve 4 to feed the cells 3 With compressed air. Thus, 
When the cells 33 yield excessively because of insuf?cient 
pressure, the unit 31 receives the electric signals issued by 
the deformation sensors 10 and causes the feed unit 32 to 
increase the pressure inside the cells 3. Once the proper 
pressure has been reached, the sensors 10 cease to issue their 
signals and the electronic processor unit 31 interrupts in?a 
tion of the cells 3 by the feed unit 32. 

Conversely, When there is a danger of the pressure inside 
the cells 3 becoming too high, it is possible to act either 
directly on the valve 4 or indirectly on buttons 34 or 35 of 
the control unit or of the feed unit to cause the pressure 
inside the cells 3 to drop until the sensors 10 issue their 
signals indicating that the optimum deformation threshold of 
the in?atable cells 3 have been reached. The electronic 
processor unit 31 then controls the feeder unit 32 to adjust 
the pressure automatically to slightly above this threshold. 
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4 
FIGS. 6 and 7 shoW a variant embodiment for the elec 

trical contacts of the sWitch 12 of a sensor 10. In this case, 
the contacts are constituted by a ?rst contact 20 Which is ?at 
and placed on the top face of the bottom layer 13, and by a 
second contact 21 Which is curved, having tWo ends secured 
to the top face of the bottom layer 13. As before, the contacts 
20 and 21 are connected to integrated circuits of the bottom 
layer 13. 
When the cell yields too much, as shoWn in FIG. 7, the 

elastically compressible cylinder 11 deforms the top layer 14 
and the contact 21. The contact 21 snaps into a corrugated 
shape ensuring clean contact With the contact 20. 

FIGS. 8 and 9 shoW another embodiment of the sensor for 
sensing height deformation of a cell 3. In this case the sensor 
comprises tWo photoelectric sensors 40 and 41 Working by 
re?ection, and disposed to measure deformation of the cell 
3. Each of the sensors 40 and 41 is ?xed to the base sheet 
2, i.e., more speci?cally, to the bottom layer 6 inside the cell 
3, and it has its active face 42 and 43 pointing upWards, i.e. 
toWards the top of the projection 8 forming the cell 3. 

Each sensor emits a vertical incident light ray i Which 
illuminates the inside face 8.1 of the top of the projection 8 
and Which is re?ected by said surface as a re?ected light Way 
r Which is received by the corresponding sensor. When the 
color of the material from Which the projection 8 is made is 
not too dark, there is no need to place any kind of element 
on the inside face 8.1 of the top of the projection 8 to re?ect 
the incident light ray i. HoWever if the color of the inside 
face 8.1 of the projection 8 is dark (e.g. black) it may be 
necessary to ?t said surface With a re?ecting plate or coating 
to act as a mirror. 

Each sensor 40 and 41 is suitable for delivering an electric 
signal indicating that the height deformation of the cell 3 has 
crossed a certain threshold. In particular, the sensor 40 can 
indicate that a maximum deformation threshold has been 
crossed, performing the same function as the elastically 
compressible sensor described above With reference to 
FIGS. 2 to 7, While the second sensor 41 can perform an 
additional function Which consists in indicating When a 
minimum deformation threshold is crossed. The sensors 40 
and 41 thus respectively indicate When the cell 3 is under 
in?ated and When it is over-in?ated. Naturally each of these 
tWo thresholds could be adjustable. 

The invention is not limited to the embodiments described 
above, but on the contrary covers any variant using equiva 
lent means to reproduce its essential characteristics. 

For example, although a sensor is described comprising 
an elastically compressible cylinder of height that is smaller 
than the height of the cells, it is also possible to provide for 
the elastically compressible element, even When unloaded, 
to be in contact With the top of the projection de?ning the 
cell. All that matters is the threshold of cell deformation 
from Which the compressible element acts suf?ciently on the 
electric sWitch to put its contacts into contact With each 
other, Which threshold de?nes the maximum value for cell 
deformation. 

Although a deformation sensor has been described that 
comprises tWo photoelectric sensors each dedicated to indi 
cating When a particular deformation threshold is crossed, 
namely a maximum threshold and a minimum threshold, it 
is also possible to use a single photoelectric cell indicating 
When a single threshold is crossed, namely a maximum 
threshold, or indicating both a maximum threshold and a 
minimum threshold by using associated measurement elec 
tronics. 
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What is claimed is: 
1. A pneumatic cushion comprising a base sheet, a plu 

rality of adjacent in?atable cells projecting from said base 
sheet and individually deformable in height, at least some of 
said cells being internally provided With respective indi 
vidual sensors for sensing deformation thereof and each 
delivering an electrical signal indicative of said deformation 
Wherein each sensor comprises a sWitch located on the base 
sheet and having electrical contacts normally and elastically 
kept apart from each other and an elastically compressible 
element inside the cell above said sWitch and causing said 
electrical contacts to engage at a certain degree of deforma 
tion of the cell. 

2. A cushion according to claim 1, Wherein said com 
pressible element is made of foam material. 

3. A cushion according to claim 2, Wherein the elastically 
compressible element is shorter in height than the cell. 

4. A cushion according to claim 1, Wherein said sWitch is 
integrated in an intermediate plate stuck to a face of said 
bottom sheet inside said cell. 

5. A cushion according to claim 4, Wherein said interme 
diate plate is made of three superposed layers, With an 
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intermediate layer having a hole through Which the tWo 
external layers may move each relative to the other under the 
pressure of said elastically compressible member. 

6. A cushion according to claim 5, Wherein said external 
layers have facing surfaces registered With said hole ?tted 
With said electrical contacts. 

7. A cushion according to claim 5, Wherein one of said 
electrical contacts is ?at and placed, in said hole, on the top 
face of the external bottom layer and the other of said 
electrical contacts is, in said hole, normally curved and 
secured to the top face of said external bottom layer by tWo 
ends thereof in order to snap into a corrugated shape under 
the pressure of said elastically compressible element. 

8. A cushion according to claim 1, Wherein the sensors of 
the cells are connected to an electronic processor unit Which 
controls a compressed air feed unit connected to the cells to 
increase or decrease the pressure inside the cells When the 
sensors indicate that a maximum or a minimum threshold of 
deformation of the cells has been crossed. 


